Two pathways have been postulated for the conversion of propionic acid to pyruvic acid by liver mitochondria. Mahler and Huennekens (1953) suggested that propionic acid was oxidized to acrylic acid which was converted to pyruvic acid through L-and D-lactic acids. The alternative pathway involves a direct carboxylation of propionic acid to succinic acid (Lardy and Adler, 1956; Flavin et al., 1955) .
An enzyme system which catalyzes the carboxylation of propionic acid has been demonstrated in Propionibacterium pentosaceum (Barban and Ajl, 1951) , Chlorobium thiosulfatophilum (Larsen, 1951) , Micrococcus lactilyticus (Whiteley, 1953) and Veillonella gazogenes (Delwiche et al., 1954) .
Cells of a thiamin deficient Nocardia corallina oxidized propionic acid to pyruvic acid which accumulated in the system. This communication includes results which suggest that two pathways operate in N. corallina for the oxidation of propionic acid. METHODS N. corallina strain S was isolated by Batt and Woods (1951) and a growth requirement for thiamin was shown for the organism by Martin and Batt (1957 (Lu, 1939) . The quantitative analyses of mixtures of a-ketonic acids were carried out by the method of Cavallini and Frontali (1954 The following procedure was used in the other experiments. The cells were centrifuged from the incubation system and the supernatant lyophilized at pH 7.0. The acids in the residue were separated on a celite column. The propionic acid from the column was steam distilled, the distillate titrated and evaporated to dryness. The succinic acid fraction was oxidized with acid permanganate to remove any lactic acid present and then extracted continuously for 2 days with diethyl ether. The succinic acid was finally sublimed at 115 C under vacuum. The pyruvic acid fraction after titration was extracted with water and the aqueous extract used directly in the degradation reactions.
Degradations of products. Pyruvic 2 :4-dinitrophenylhydrazone, dissolved in 0.1 N NaOH, was added slowly to a solution containing 30 ml KMnO4 (1 N) and 15 (table 2' method of degrading pyruvic 2:4-dinitrophenylhydrazone gave a nitrophenol fraction on the celite coluni indicating incomplete oxidation of the aromatic nucleus. Accordingly the dilution of the carbon dioxide from the carboxyl carbon of the pyruvic acid was estimated from the yield of acetic acid.
Pyruvic acid obtained by chromatographic separation on a celite column was degraded to acetic acid and carbon dioxide by treating a solution of the acid with a suspension of cerium sulphate (0.1 M in 0.1 N H2SO4) at room temperature.
The degradation of acetic acid was carried out by a Schmidt degradation using a modification of the procedure described by Phares (1951) . Solid sodium acetate (0.6 mm) was treated with sodium azide (100 mg) and concentrated sulphuric acid (0.5 ml; sp gr 1.84). After completion of the reaction sodium hydroxide (23 per cent wt/ vol) was added and the methylamine distilled into 0.5 N H2SO4 (3.5 ml). The methylamine sulphate solution was evaporated to a small volume (0.5 ml) in an air oven at 100 C and the residue oxidized to carbon dioxide by a wet combustion with a chromic acid solution (Van Slyke and Folch, 1940) . This procedure gave excellent re-coveries of each of the carbons of the acetate as carbon dioxide.
Succinic acid was converted to propionic acid and carbon dioxide with a suspension of Micrococcus lactilyticus as described by Wood et al. (1956) .
The propionic acid was distilled in steam, purified on a celite colunm and degraded to acetic acid by the Schmidt reaction and alkaline permanganate oxidation of the ethylamine formed.
The accuracy of each degradation was checked by comparing the sum of the activities of individual carbons with the total activity of the compound determined following a wet combustion.
The carbon dioxide samples were plated as BaCO3 on filter paper discs and counted with an end window Geiger-Muller counter. The counts recorded were corrected for background and selfabsorption.
Sodium propionate (3-C14) was supplied by Figure S . The oxidation of propionate by thiamin deficient cell suspensions in the presence of different concentrations of carbon dioxide at pH 5.0. Gas phase: A, 95% O2-5% C02; B and C, 100% 02. A CO2-absorber was used in the manometer cup in one instance (Curve C). All values are corrected for endogenous respiration. manometer flask (210 ml) which contained a C02-absorber (1 ml 10 per cent KOH). The reaction was stopped by adding 3 N H2S04 (2 ml) when approximately 25 per cent of the initial propionate remained in the system. The pyruvate (isolated as the 2:4 dinitrophenylhydrazone) and residual propionate were degraded, the distribution of C14 in these compounds being given in table 2. Only a very small amount of succinate (0.02 mM) was obtained by ether extraction of the supernatant following removal of the propionate.
In the second experiment (B, table 1) no C02-absorber was used in the manometer flask (210 ml). The pyruvic acid was degraded to acetic acid and C02 using cerium sulphate. A relatively large amount of succinate accumulated under these conditions; it was degraded and the C14 distribution in this compound and in the pyruvate and residual propionate are given in table 2.
The accumulation of sufficient pyruvate for isolation and purification required prolonged manometric experiments. To determine the ex- Specific activity of (a) propionate added = 3,200,000 cpm/mmole C in 3 position and (b) sodium bicarbonate = 128,500 cpm/mmole C. The ratio of activity in the 3 and 2 positions of pyruvate should be 1.0 if the only pathway operating contained a symmetrical intermediate. Apparently carbon dioxide increased the amount of propionate being oxidized through the asymmetrical pathway.
The factors affecting the conversion of propionate to pyruvate are complex as indicated by the results of an experiment carried out under the conditions of experiment A (table 1) with the modifications that 120 hr old cells were used and 100 per cent 02 was substituted for air as the gas phase. Under these conditions (CO2-absorbed) the ratio of activity in the 3 and 2 positions of the pyruvate formed was 3.22, i. e., factors other than CO2 can presumably influence the extent to which propionate is converted to pyruvate by a symmetrical or an asymmetrical pathway.
The formation of pyruvate from propionate is reversible, at least partially, as shown by the presence of C14 in the 1 and 2 positions of the residual propionate in the incubation systems.
The presence of C'4 in the carboxyl group of pyruvate when carbon labelled sodium bicarbonate was incubated with propionate indicates that carbon dioxide fixation occurs during the oxidation of propionate.
SUMMARY
The oxidation of propionic acid by cell suspensions of Nocardia corallina is stimulated by carbon dioxide. Thiamin deficient cells convert propionate to pyruvate with a simultaneous accumulation of succinic acid. Using 3-C"4-propionate, evidence was obtained for two oxidation pathways to pyruvate, only one of which included a symmetrical intermediate (probably succinate).
